Background: Less invasive stabilization systems (LISSs) have gained popularity. However, limited quality of life (QOL) and clinical outcome data exist for trauma patients treated with LISSs. The objective of this study is to describe QOL and outcome for posterior percutaneous pedicle screw fixation in the management of traumatic thoracolumbar fractures.
INTRODUCTION
The management of traumatic thoracolumbar fractures remains challenging. The levels of evidence for treatment practices can alter the decisionmaking process. In the new era, percutaneous pedicle screw fixation has become a popular method as a less invasive approach in the management of thoracolumbar fractures. Several studies have described the multiple advantages of posterior pedicle screw fixation techniques in thoracolumbar fractures. [1] [2] [3] [4] [5] [6] [7] [8] [9] Open surgical techniques are associated with significant morbidity due to high blood loss and infection rates. Blood loss rates of 1000 mL for open posterior, anterior, or anterior-posterior procedures can be reduced to 50 mL in less invasive spine surgery. The high infection rate of 10% in open surgery is reduced to 0-1%. [4] [5] [6] [7] [8] [9] In contrast to open techniques, percutaneous fixation induces minimal paraspinal muscle injury and shows a positive correlation with postoperative back muscle performance. 10 With the knowledge that, on average, 36% of polytrauma patients have associated spine injuries, less invasive approaches would be favorable in limiting the risks for the already vulnerable patient. 11 However, it is not yet established whether less invasive approaches lead to comparable clinical outcome in the isolated and/or the multi-injured patient. To our knowledge, little is known about health-related quality of life (QOL) outcomes. The low-grade evidence and unclear long-term outcomes further limit the evidence available for this tech-nique. There is a need for more evidence to inform clinical decisions using percutaneous pedicle screw fixation in the treatment of traumatic thoracolumbar fractures.
The aim of this study is to describe the QOL and radiological outcome of posterior percutaneous pedicle screw fixation in the treatment of traumatic thoracolumbar fractures from a single trauma center.
MATERIAL AND METHODS
Our center started using the posterior percutaneous pedicle screw fixation technique for traumatic thoracolumbar spine fractures in January 2006. All trauma patients in our center are included in a prospective registry. The primary outcome of our study was to analyze the functional and radiological outcome of patients from this database. For this purpose, all patients with traumatic thoracolumbar fractures treated with a percutaneous spinal fixation technique between January 2006 and December 2011 were included. Follow-up data were extracted from electronic medical records. Excluded were all patients with a follow up less than 6 months after surgery, pathological vertebral body fractures, or accompanying neurological symptoms necessitating open decompression. Classification type C was excluded from EuroQuol (EQ-5D) analysis because only a single observation was available. Seventeen patients were lost to follow up (relocation, no-show) during this period; a total of 69 patients remained for analysis.
Spine stabilization was performed by use of the percutaneous multilevel implant fixation system CD Horizont Longitude (Medtronic, Memphis, TN, USA). In 3 patients, the SpiRITt system (Synthes GmbH, Oberdorf, Switzerland) was used. In 46 patients, short-segment pedicle screw instrumentation with bilateral pedicle screws (1 level above and 1 below the fracture) was performed. In 23 patients, a long-segment fixation (2 or more levels above and below fracture) was performed, with 7 patients having fractures at 2 or more levels. Additional vertebral balloon assisted endplate reduction (BAER) and cement augmentation techniques were used when substantial vertebral body comminution (more than 50%) was seen on the preoperative computed tomography (CT) scans. In 25 patients with substantial comminution of the vertebral body, this combined technique with percutaneous anterior column augmentation was performed. During the initial phase of inclusion, some of the surgeons in our group decided to use bracing following operative spinal stabilization ( Table 1 ). All fractures were classified according to the AOSpine classification ( Figure 1 ). 12 QOL was determined by use of EQ-5D. A survey was sent to all patients after the last follow-up visit. The EQ-5D is an instrument designed to measure generic health status across 5 dimensions of health: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, with 3 response levels (no problems, some problems, extreme problems). 13 A unique EQ-5D health state is defined by combining 1 level from each of the 5 dimensions, and scores range from À0.109 to 1.0, with score 1 indicating the best overall health. For validation of our EQ-5D results, we used the time tradeoff for the Dutch population. 14 The radiological outcome was assessed (and its reliability tested) by 2 reviewers (I.S. and A.S.), measuring the local kyphosis and segmental wedge angles on supine preoperative and standing postoperative and follow-up x-rays. Kyphosis angle was defined as the measured angle between the superior and inferior endplates of the fractured vertebra and segmental angle as the angle of the stabilized segments measured between the superior endplate of the upper instrumented vertebra and the inferior endplate of the lower instrumented vertebra. 
Statistical Methods
Analyses were done using the R statistical package version 15.2, the car and irr packages. 15, 16 Baseline variables are given as absolute number and percentages when describing categorical data. For continuous variables, the mean with standard deviation (SD) is given. If the observations were nonnormally distributed, the median (Q2) and first and third quartiles (Q1-Q3) are given. The average agreement between reviewers determining the kyphosis and segmental outcomes was evaluated using the intraclass correlation coefficient (ICC) at follow up. Q-Q plots were used to determine if the outcome residuals were normally distributed. To evaluate surgery effectiveness, the kyphotic or segmental angles, postsurgery and during follow-up, were subtracted from the presurgery angles. Changes over time were analyzed using a mixed model with a random intercept for patient, time of measurement, and adjustment for baseline (presurgery) angle. As a sensitivity analysis, we corrected for differences in follow-up time, showing no improved fit. Approximate 95% confidence intervals (CIs) were calculated based on the pooled standard error and a t distribution with 68 degrees of freedom. Finally, given that the residuals of the EQ-5D were not normally distributed, which could not be ameliorated by customary transformation, Wilcoxon tests, with a continuity correction, were used.
RESULTS

Clinical Outcome and EQ-5D
Within the cohort of 86 patients, 69 patients fulfilled the inclusion criteria for the study. The baseline characteristics of the study are described in Table 1 . The mean follow up was 19 months (range ¼ 6-49 months). The study population consisted of a high percentage of men, with a high overall percentage of polytrauma patients in an average young study population, with a mean age of 46 years. The median blood loss for subjects with short-segment fixation was 50 mL (range ¼ 10-100 mL) and for long-segment fixation 108 mL (range ¼ 50-500 mL; P ¼ 0.05).
The response rate for the follow-up health survey was 78%, with an overall median EQ-5D score of 0.811 (Q1-Q3 95% CI ¼ 0.709-0.897; P , 0.01). EQ-5D scores were nonsignificantly different, for subjects younger than 50 years of age (Q2 ¼ 0.843) and older (Q2 ¼ 0.811; P ¼ 0.57). Stratifying EQ-5D for males and females again did not show significant difference in distributions (P ¼ 0.72). EQ-5D did not differ significantly for subjects with polytrauma (Q2 ¼ 0.811) versus no polytrauma (Q2 ¼ 0.843; P ¼ 0.46). The median EQ-5D scores for AOSpine classification type A and B were 0.827 and 0.811. The Spearman correlation of AOSpine classification type A and B to EQ-5D was À0.13, suggesting that the EQ-5D decreases with classification type B; however, these associations were not significant. Patients who underwent a long-segment fixation showed no significant difference in EQ-5D (Q2 ¼ 0.827 versus 0.811 in short-segment fixation; P ¼ 0.84).
Complications
In 8.7% (6 cases), we found perioperative complications. In 4 patients, possible cerebrospinal fluid leakage was observed during insertion of the Jamshidi needles in the pedicles. After repositioning, there were no further consequences. In 1 patient, ventral K-wire migration was observed fluoroscopically during surgery without any consequences. In another patient, a loosening of the balloon was seen in a noninflated stent during a stenting procedure, without clinical consequences. In the postoperative period, cardiopulmonal, urogenital, and gastrointestinal complications predominated with a total postoperative risk of 30%. The mortality rate of the whole group was 2.9%, not procedure related. Polytrauma patients had an increased risk of perioperative complications as shown by the risk difference (RD) of 0.03 (95% CI ¼ À0.09-0.15) and postoperative complications (0.25, 95% CI ¼ 0.04-0.46). The RD for perioperative complications due to long-segment fixation was 0.09 (95% CI ¼ À0.06-0.24), and for postoperative complications, the RD was 0.13 (95% CI ¼ À11-0.37). There was a deep infection rate of 3% (2 cases). In both patients, the material was extracted 3 months postoperatively. There was a 6% material failure rate with 2 patients experiencing dislocations of material (Table 2) .
Radiological Outcome
ICC at follow up between the 2 raters was 0.93 (95% CI ¼ 0.89-0.96) for kyphosis and 0.98 (95% CI ¼ 0.97-0.99) for the segmental angles. Assuming no difference over time, this indicates that agreement between observers is overall very high and even higher for the segmental angles. Our study showed a kyphosis correction with a kyphotic angle mean of 3.268 and segmental angle mean of 1.818 (P , 0.01).
Loss of correction was calculated by subtracting follow up from postoperative measurement. The mean kyphotic subsidence was À1.99, À1.45, and À1.798 for thoracic, thoracolumbar, and lumbar locations, respectively (P ¼ 0.85). The mean segmental subsidence was À5.11, À4.19, and À2.308 for thoracic, thoraco-lumbar, and lumbar locations, respectively (P ¼ 0.32). The mean subsidence, based on the segmental angle was À4.668 for younger subjects (,50 years of age) and À3.068 for older subjects (P ¼ 0.23). For the kyphotic angle, the mean was À1.648 for younger subjects and À1.698 for older subjects (P ¼ 0.95). When we correlated an additional intervention (anterior column augmentation) to percutaneous pedicle screw fixation, the mean subsidence was À4.438 for the segmental angle in patients receiving kyphoplasty/vertebroplasty/vertebral body stenting (VBS) and À3.778 in subjects receiving percutaneous pedicle screw fixation as a standalone procedure (P ¼ 0.65). For the kyphotic angle, the means were À2.298 in patients receiving BAER with augmentation interventions and À1.308 in subjects receiving no additional intervention (P ¼ 0.32; Table 3 , Figure 2 ).
DISCUSSION
At present, the evolution of less invasive stabilization systems (LISSs) is adding major goals to 19 .65 (11.37) À2.20 (À3.96 to À0.45) EQ-5D median (Q1-Q3) † 0.811 (0.709-0.897) P , 0.01 ‡ Abbreviations: CI, confidence interval; EQ-5D, EuroQuol; SD, standard deviation. *The overall P values for the wedge and segmental outcomes are based on a mixed model with random intercept for patient and adjusted for baseline angle. †First and third quartiles (Q1-Q3) are given. ‡Mann-Whitney test; null-hypothesis population EQ-5D is 0.450. spine surgery. Besides improving pain and neurologic deficit with a reduction of approach-related morbidity, spine surgery is focused on improving QOL. To date, several studies have described the multiple advantages of posterior pedicle screw fixation techniques in thoracolumbar fractures. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, QOL outcome data are limited for spine trauma patients. Besides that, the role of LISSs remains unclear in treating spine fractures in polytrauma patients.
Cimatti et al. evaluated Short-Form 36 questionnaire (SF-36) outcomes in a 2 year prospective study of percutaneous pedicle screw fixation in 32 patients with unstable single-level thoracolumbar fractures. Concerning the SF-36 physical scale, patients achieved 46.43 points for male, 46.19 for female patients, representing a better outcome than the back pain population (44.79) but worse compared with the scores achieved with the normal population (50.21). The average score achieved in the SF-36 psychological score was 56.22, which exceeds the scores from the back pain population (48.25) and the normal population (51.54). 17 In the study of Schmidt et al., of the 76 patients with type A fractures who were treated with minimally invasive instrumentation, 32 patients (42.1%) had no substantial discomfort and pain as compared before surgery. Six months following surgery, 58 patients (76.3%) met their expectations or were highly pleased by their individual postoperative results. 18 In our study, we used EQ-5D for evaluation of QOL and observed a significant high overall median EQ-5D score of 0.811 (Q1-Q3 95% CI ¼ 0.709-0.897). The EQ-5D results of the nonspecific low back pain population is 0.731 (SD ¼ 0.172). 19 We found no statistical significant difference in EQ-5D outcome when EQ-5D was stratified for gender, age, polytrauma, AOSpine classification, or long-segment fixation.
Despite results in improvement of sagittal alignment and kyphosis correction, numerous studies report loss of correction during follow up for pedicle screw fixation. [5] [6] 8 However, there is no clear correlation between the loss of correction and clinical results. Wild et al. describe a retrospective analysis of a fixation alone technique for type A fractures using a percutaneous internal fixator in 10 cases and an open procedure in 11 cases. 5 Five years after implant removal, the loss of correction of the bisegmental wedge angle averages 7.628 (median 78; range ¼ 0-208; SD ¼ 4.58) in both groups; however, neither in the Hannover-Spine-Score nor in the SF-36 Health Questionnaire did these groups show any difference. In our study, we found a mean subsidence of 1.608 for the kyphotic angle and 2.208 for the segmental wedge angle at the end of the followup period with a high QOL. Our use of augmentation techniques for substantial comminution has probably limited complications and loss of correction. In our study, significant comminution of the vertebral body resulted in the same radiological outcome as less comminuted fractures.
In the trauma population, which is prone for infection and blood loss, lower infection rates and minimal blood loss are described for percutaneous pedicle screw fixation compared to the open techniques. Infection rates of 3.1-10% for the open surgical technique described by Verlaan et al. can be reduced to 0-1% by use of the percutaneous pedicle screw. 4 Minimal blood loss rates of 50 mL are described in percutaneous pedicle screw techniques. [5] [6] [7] [8] [9] In our study, the infection rate and blood loss was comparable to other studies.
Posterior percutaneous pedicle screw fixation can be performed fast and less invasively in the trauma patient. The technique allows immediate stable fixation because the screws transverse all 3 columns. Anatomic or best possible alignment of the spinal column is obtained. Operation time is reduced to an average of 78 minutes. [1] [2] [3] [4] [5] [6] [7] [8] [9] Especially in polytrauma patients with spinal fractures, the spinal column can be stabilized in an emergency setting, while limiting the risks of the patients' condition. In chest trauma, patients can be mobilized early, preventing respiratory complications. 19 The features of percutaneous pedicle screw fixation make the approach suitable for a damage control protocol. The circumstances of the critical polytrauma patient make it complex to supply level 1 evidence. However, many observational studies show a significant difference between patients who were treated with a spinal damage control regimen compared to a delayed surgery group by means of mean length of operative time, length of hospital stay, number of ventilator dependent days, and several early complications, such as wound and pulmonary complications and pressure sores. 11, [20] [21] [22] In our study, 31 patients with a type B fracture (ASIA grade E) and 1 patient with a type C fracture (ASIA grade A), with traumatic complete paraplegia who was hemodynamically unstable to perform open surgery, could be successfully stabilized by use of a percutaneous approach.
In our opinion, posterior percutaneous pedicle screw fixation technique can be used for all spinal fractures when there are no neurologic problems.
Limitations of this study are the retrospective analysis of data, limited number of patients, and the heterogeneity of our population, with a large group of type A fractures. This case series represents also the learning curve of the technique. The overall young study population can confound the QOL outcomes because of general favorable results due to age. It should be noticed that our study comprises a high population (51%) of polytrauma patients, with 22% who sustained more severe injury (injury severity score [ISS] ! 15). In our opinion, the high overall postoperative complication rate of 30% as shown in our study can be clarified with this high percentage of polytrauma patients. Another limitation of this study is the use of a standard time period for measurement for QOL outcome at the end of the follow-up period. To date, a disease-specific QOL score does not exist for spinal trauma patients, and there is no valid tool to obtain preinjury QOL data. Another shortcoming of the study is the sparse use of CT scans postoperatively for fusion assessment. We only used CT scans postoperatively when patients presented with complaints. In our opinion, use of routine standard x-rays in combination with clinical results are adequate and satisfactory to assess alignment, material failure, and fracture healing. The relatively long follow-up period with a mean of 19 months (range ¼ 6-49 months) comprising all spinal fracture locations including AO type B fractures and standardized outcome assessment (EQ-5D) represent the strength of this article.
CONCLUSIONS
Percutaneous pedicle screw fixation can be recommended in the management of traumatic thoracolumbar fractures, as well as in polytrauma cases when decompressive surgery is not necessary. Development of percutaneous spine approaches that reduce perioperative morbidity can be a good alternative approach following the damage control principles. The technique has a good overall functional outcome.
Given the heterogeneity and the lack of robust evidence, these findings warrant verification in larger prospective registries and randomized controlled trials.
